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(57)Abstract: 

PURPOSE: To maintain filter resistance low for a long 
time and to provide a maintenance-free membrane 
separation equipment. 

CONSTITUTION: The objective equipment consists of 
flat membrane modules 3 each of which is a filter 
medium consisting of a spacer 4 and a UF or MF 
membrane 5 (a planar separation membrane), a vessel 1 
which is equipped with one or more flat membrane 
modules 3 and receives suspension liquid, and diffusing 
parts 9 of a diffuser arranged at the lower part of the flat 
membrane module 3 or at the lower side part of the filter 
medium. When the quantity of diffused air per hour from 
the diffuser is intermittently set large by a blower 11 , a 
blower 13 and a valve 12, the movement of the 
suspension liquid is generated by gas 10, thus capable of maintaining the cleanness of the 
membrane surface. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 



http://wwwl9.ipdLncipi.go.jp/PAl/result/detail/main/wAAAeSaq_TDA404265128PLhtm 2/10/2006 



Searching PAJ 



Page 2 of 2 



rejection] 

[Kind of final disposal of application other than 
the exanriiner's decision of rejection or 
application converted registration] 
[Date of final disposal for application] 
[Patent number] 
[Date of registration] 
[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwwl9.ipdl.ncipi.go.jp/PAl/result/detail/main/wAAAeSaq_TDA404265128Pl.htin 2/10/2006 



EUROPEAN PATENT 0 ICE 

Patent Abstracts of Japan 



PUSUCATtON NUMBER : 0426S128 

PUBLICATION DATE : 21-09^2 



APPtX:AT10NDATE : 20O2^t 

APPLICATION NUMBER : 0302639^7 

APPLICANT: EBARA RES CO LTD; 



INVENTOR : KATAOKA KATSUYUKI; 



INT.CL : e01O63m 601065/02 C02P 3^2 



-nrif : MEMBRANE SEPARATION 
EQUIPMENT 



ABSTRACT : PURPOSE: To maintain filter resistance low for a 1^ 
mainAenanoe-lree memtxane sepamtion equipment 

CONSTrrUTKDN: TTte ot)|6cth/e equlpmem consists of Ib^ 

which is a filter medhmi ooiislsting of a spacer 4 and a UF or MP fliOT 

sepaiatlooinembraiie). a vessel 1 wtik;h to equ^^^ 

ffiodules 3 and leoalMes suspension QqtAI. a^ 

the lower part of the Oat memt)fane modula 3 or at Itie low^ 

VVhen the quanttty of dMbsed air per hoir ffom t^ 

blower 1 1« a blower 13 and a vah« 12. the movement of Ihe fluspenskm 6^ 

generated by gas 1<^ thus capable of maMalning the cleanness of the 

COPYRIGHT: (qjPO 



USF 092612 




Japanese Patent Office (JP) 
jz.Kokai Unexamined Patent Application Bulletin (A) 

Laid Open Patent Application No. 4-265128 

Publlcatfon Date September 21. 1992 

Numt>er of Claims 1 

Number of Pages 5 

Examination Request Not yet made 



Intel.'' Identification Code Internal File No. R 

520 



Intel.' 
B01O 63A)8 

6SA)2 
C02F 3/12 



Internal File No. 
8014-40 
8014-40 
9153^0 



Tech. Indie. 



(94) Title of the Invention: 

(21) AppUcadon No: 

CS2) Application Date: 

(?i> Applicant: 



(^1) Applicant: 
Inventor: 



C^l Agent 



Membrane Separation Device 

3- 26397 

February 20. 1991 

000000402 

Ebara InfUco Co., Ud 

1-6-27 Kohnan, Minato^. Tolcyo-lo 

000140100 

Ebara Research Co.. ltd 

4- 2-1 Hon-Fujisawa. Fufisawa-shi. Kanagawa-kon 
KATAOKA. Katsuyuki 

Ebara Researcti Ca, Ud 

4-2*1 Molo-FMpsawa. Fujiaawa-atit. Kanagawa-ken 
Patent Attorney. HAGINO, Taira 
Three others 



(54) [ntle or the Inveneon] Membrane Sepenitlon Device 
(57){Ai>etncq 

(ObJecQ An ol^ct or the present lnventk>n is to provkle a 
membrane separatkm device that can maintain kf¥t filtration 
resiatance over a tong period of time and that is maintenance 
ftee. 

IConatltutlon] The present inventkm comprfsea a flat 
memtsrane module 3, wMch Is a fHter t>ody comprismg a spacer 
4. and a flat seperatkNi memt)rane that is a UF or MF membrane 
5: a tank I in which no leas than one said flat membrane module 
3 is dispoaed. and vrhich receives a liquid suspension; and a 
difuser member 9 of a tfilkislon device disposed below sekl flat 
membrane module 3. or betow and to one side of saki fSter body: 
an tntermittendy greater flow of dilbjsed gas rrom difluskMi device 
per unit of time Is established by a btower 11, a btower 13. and a 
valve 12. and the membrane suiface is maintatned dean by the 
aclk>n of the fiqukl suspension generated by the gas 10. 
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(Claim 1] A membrafie separation device characteozed in that 
this comprises: a filter body compnsing a spacer and a flat 
separation membrane: a tanic In which no less than one said filter 
body is disposed, and which receives a Kquid suspension: and a 
diffusion device havinn p diffirser member disposed below said 
filter body, or below and to one side of said filler body, (the 
membrane separation device| being provided with means for 
establishing an imerminently greater flow of diffused gas from 
said diffusion device per unit of time. 

(OeCalled OeecrfpUon of the Inveiitlofi] 

[0001] 

(Fleid of Industrial Appllcatton] The present invention relates 
to a membrane separation device capable of providing simple 
and effective membrane separation of various freely selected 
suspensions (for example* suspensions of microbiological 
pariicfes. inorganic particles, and the filce). so as to produce a 
darifted separated UqtJld. 

(00021 

(Prior Art] Conventionally, devices are Imown wherein a 
permeate Is produced by immersing a hoUow-filMr membrane 
bundle module in an aeration tank (see FIG. 4). 

(0OO3] The device shown in FIG. 4 Is such that a hoBow-fiber 
membrane module 22 is immersed m an aeration tank 2t; ab^ 24 
is supplied firom an air diffuakMi pipe 23 so as to maintain growth 
of microorganiems by keeping the Interior of the tank aerobic 
while maintaining the fnter lundk>n of the hoUow^ber membrane: 
a suction pump 25 is used to obtain permeate 26 from the 
suspension tMfthbi the tank which has been microtiiologically 
processed. 

(0004] However. «yhen the present inventors did additional 
tests on this prior art they found the following serious 
disadvantages and judged the practk:arity thereof to be Infertor. 
That Is to say. the device shown in FIG. 4 has the fbKowIng 
disadvantages. 

(OOOS] (1) SS particles, such as activated sludge or fibrous 
components, get into the hoUow-f^r membrane bundles and 
adhere or become affixed thereto, causing the filtration resistance 
to rise sharply. (2) Washing away SS components which have 
gotten into the interkw of the hoKow-Hber membmne bundles Is 
extremely difficult: It Is not possa>te to wash away the adherent 
sludge and fibrous components widiout remotftng the hoUow.f4>er 
membrane module, undoing K. and spraying il with high-pressure 
water. This is extremely labor-mtenshre. and it 'is practically 
impossible to implement these operattons. 

(0006] 

(Probleme to Be Solved by the Invention] The present 
invention is d^ed at completely soMng the major problems of 
the conventional devces descra>ed above; an object thereof Is to 
provide a novel technology which can mamtatn low fillralion 
resistance over a king period of tkne. and wMch Is maintenanoe- 
inee. 

POOTJ 

CMeana lor Solving the Probtoms) In order thai lha present 
invention solve the problems of vie prior art« various studies were 
conducted, and as a result it was discovered that the 
conventional problems could be solved by the foaowing means, 
and fm this manner] the present invontkm was completed. 

(0006] That is to say. the present invention is a membrane 
separation device charactenied-in that this comprises: a fitter 
body comprising a spacer and a flat separatkMt membrane, a 
tank in which no less than one said filter body is disposed, and 
which receives a liquid suspension: and a diffusion device having 
a diffiicer member disposed betow said filter body, or bek)w and 
to one side of sakJ alter body, (the membrane separation device] 
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being provided with means for establishing an intermlttenuy 
greater flow of diffused gas from said diffusion device per unit oif 
time. 

(0009) The foUowing ere novel ideas of the present invention. 
(I) The use of hollow-fiber membranes is abandoned; a filter 
body is used having a flat separation membrane wherein the 
shape makes it impossible for suspended solids to become 
trapped at the inlerk>r of bundles. 

(0010] Conventionally, methods wherein flat separation 
membranes were provided in filter presses and dehydrator 
strxictures were known, tnil the klea of immersing these in an 
aeration tank as part of a method such as that of the present 
invention has never before e^tisted. 

(0011) (2) It was discovered that it was possible to effectively 
prevent membrane soiling by Intermlttentty increasing and 
decreasing the amount of diffused gas so as to create a 
disturlMnoe at the membrane suifaoe. The filter body used in the 
present invention has a filter member comprising at least a 
spacer and a flat separation filter. There are no particular 
restrictk)ns on Ihe construction of this filter member, so tong as 
the construction of the filter member functions so that a 
suspension is f^tered at least at the exterior of a flat separation 
membrane so that the filtrate moves to the interior of this 
membrane, and this is further provkfed with means for removkvg 
the nitrate that has been moved. However, the exterior shape of 
the filter member is preferably such that, when the fater body is 
disposed within the tank, the ervtire surface, of the flat separation 
membrane can easily be contacted by bubt)les supplied from the 
diffusion device stkI by the currents caused by the Ixibbles. 

(0012) The extertor surface of this inter member is formed as a 
flat separatk>n memt)rane, tMit it is not absoiutefy necessary that 
the entire exterior surface be formed as a flat separation 
membrane; this can be formed locally on a sutlabia desired 
surface region. 

(0013] Furthermore, so long as the fonn of the exterior surface 
of the flat separation membrane satlsffes the aforementioned 
conditiona. there are no perticular restrictions tfiereon: this is not 
limited to flat surfaces: and freely chosen curved surfaces are 
encompassed thereby. So long as the spacer functions at least to 
suppon the flat separation memiirane while maintaining a space 
whkii allows the filtrate to move to the Iruerior. the constructbn 
thereof may be Creely chosen, and there are no particular 
restrictions tfiereon. Furthermore, means for removing the fWrate 
which has moved to the interkir. such as an outlet pipe, can hm 
provkled. 

(0014] The material Uwn which the spacer Is constmcted and 
Ihe spedflc shape of tfie constnidion may t>e freely chosen: this 
can be a simple body with a solid interior or a simple body with a 
hoNow interior, or a frame, or a oomtrination of these. Examples 
incHide a f^ame. a simple plate %vilh a solid interior, a plate 
provided with a hollow Intorfor. a lattice, etc. In terms of the 
constnidion material, a porous nnalerial having a Nter functfon is 
particutarly preferable, and in terms of the shape, a plate is 
partKulariy preferable. 

(OOiq In terms of the means for supporting the flat separatfon 
membrane on the spacer, adhesives. twAt and bolts, magnets, 
and the Iflce can be used. Accordingly, the external shape of the 
filter member of the filter body can be freely determined 
according to the shape of the spacer and (he method of holding 
the flat separation membrane against the spacer, examples 
include plates, rods, inverted cones, and the tike. In the present 
inventkm. plates are particularly preferred, and Ihose wherein a 
flat separatKM membrane is formed on both skies are preferred 
(0016] There are no particular restrictions on the material for the 
flat separatfon membrane. 
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so long as ihis can (iroduce a darifted fiHrate: %Mli-knowrt 
ultrarmration memtKanes and mwrofittration membranas can be 
used, and me poie size of me membrane may be freely chosen 
as suiiabie accocding totlie otjective. 

(0017] The total surface area of the flat se|»rauon membrane 
for one of these filler bodies « normally chosen from withtn the 
range of 4-20 m*. The filter body is disposed within the fitter 
device of the present invention, but there are no particular 
restrictions on the position at which this is disposed or the like: it 
is preferable that this be positioned so that the flat separation 
membrane ts readily impacted by the buobles and/or the currents 
aeated by the bubbles f^om the diffusion device, %vhich Is also 
installed within the filter device. In particular, if a pkirality of Alter 
bodies are installed. It Is preferable that the flat separation 
membrane surfaces of the filter bodies be parallel to the 
perpeiKilcular direction, and that a space be suitably provided 
between each of the flat separation membranes: meanwhile, it is 
preferable that the diffusion device be Installed below the fHter 
body, or below the filter body and to one side, for example, at the 
bottom of the gap between the filter bodies. 

(0018] The diffusion device used in the presem Invention has a 
basic structure comprising a blower, a conduit and a diffus«r 
member, but commonly used wefl^known devices can k>e used, 
and while there are no particular restrictions on the structure 
thereof, pipeo and plates are generally used as the diffuser 
member. 

{0019] The present invention maintains the flat separation 
membrane dean by means of the gas dMiised from the diffusion 
device, but there are no particular restrldlons on the method of 
supplying this difliised gas to the intenor of the tank; ttie settings 
tor the amount supplied, the supply time, the stop tkra. and the 
like cari be suitably chosen according to the type of suspension, 
the type of Alter body, the standards for the filtrate, and the Ike. 

(0020] In particular, the present Invention is characterteed in 
that the membrane surface can be maintained at a greater level 
of cleenltness by Intermittently estabUshing a high flow rate of 
diffused gas r>er unit of time. In this case, it Is particularly 
preleratile that the pedod of time for which die high flow rate is 
established (Gt) is shorter than the other period of time (Ct). The 
anuMint suppHed per unit of time in the Qt time Is greater than 
that in the Ct time, end each of these amounts is normally 
maintained at a constant levet over time, but Increasing or 
decreaeing this or stopping the supply In either of the time 
periods is acceptable. Next. If a pkireOty of difltiskMi pipes are 
used, this may be set up so that each of the diffuston pipes Is 
suppfied independently, or the diffusion pipes may be connected 
and suppMed ksgether. The means used for ttiese setups may be 
freely chosen, and these may be automatic or mamual: exanyles 
include coitb^ of the btower itself or comblnatkHis of a bk9wer 
and a valve, or the fike. 

(0021] Furthermore, the type of diffused gas may be sutaMy 
chosen aooording |o the properties of the suspenshm used in the 
present inventton: in the case of an aerobic biological processing 
liquid, gasses contalmng oxygen, such as air. are commonly 
used: m the case of an anaerobtc biologicsl processing liquid, 
nitrogen gas may be used. Suspensions such as these 
processing fiquids may be introduced from the exterior or may be 
processed witfun the device of the present invention from the 
beginning, in other wonis. it is clear that, in addition to membrane 
separatkM) ftincttons. this invention may have other* prlxessing 
functkxts for poRuted water and the like. 

(0022) White the flltntkMi method used in ttte present invention 
ts a method that moves fdtrate from the extenor of the flat 
separatton membrane, wtiich ts to say. from the side in contact 
with the suspension, to the imerior of the membrane, freely 
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chosen filter pressure generation means may be used. For 
example, a negative pressure may be generated within the filter 
body by means of a pump, the tank may be sealed and the 
intenor of me tank may be positively pressurized, a siphon may 
be used, etc 

(00231 When a piuraMy of filter bodies are provided, the filtrate 
recovery mechanism may be such that this is performed 
separately for each filter body, or this may be performed with the 
filter bodies connected. For example, methods include those 
wherein a filtrate outlet pipe is provkled at each spacer, these are 
connected, arul suctnn fihration is performed by means of a 
pump. 

(0024] 

(CmbodlnoentsI 

In the foltowing. the operation of the present mvention and one 
embodiment thereof are descrit>ed with reference to FIG. 1. In 
FIG. 1, 1 is a tank filled with e fireely chosen suspensk)n. and 2 is 
a suspenskxi Inlet 

(0026] The basic construction of the membrane separation 
device of the present invention comprises a tank 1. a flat 
membrane module 3 which is the filter body, and a diffusion 
device 7 (s/c). Within Uw tank 1. a plurality of flat membrane 
modules 3, wherein a flat UF or MF membrane 5 is provided on 
both sues of a planar porous body spacer 4. as shown In FIG. 2. 
Is immersed and disposed parallel to the perpendk^ilar direction 
with gaps 6 therebetween. 

(0026] Membrane penneate ouflet pipes 7 are provided at 
each or the fitter modules 3. The outlet pipe 5 (sic| is connected 
to a membrane permeate suction pump 0. DIRuser members 9. 
made from a diffusing pipe or a diffusing plate, are provided at 
the bottoms of the flat membrane modules 3; air or another gas 
10 is diffused tiy means of a bk>wer 11. tf methane fermentation 
bacteria, or such anaerobic microorganisms, are to t)e membrane 
separated, a gas not containing oxygen, such as nitrogen gas or 
methane gas. is used as the gas 10. 

[0027] In the present Inventkm. the kiea of intermittently 
increaskig the amount of gas 10 blown Is Important membrane 
soiling can t>e prevented more effectively than In the case where 
gas Is diffused at a consUnt rate; and. It has been experimentally 
confirmed that this affows for malnlenance of a high membrane 
flux for a long period of tfme. 

(002q The means tor Intermittently increasing the rate of flow 
of the gas 10 ars simple and any means can be used but In the 
example of FIG. 1, a method is edopted wtwrein a Wower 13 Is 
provided, and a valve 12 ts kitemrtlttendy opened and ctosed. 

(0(Ktt| In terms of why selling of the membrane can be 
effectively prevented by Intermittentfy increasing the rate at wtMi 
the gas 10 Is diffused, that mechanism is not understood In detail 
at the presem time, but It is presumed to be as foflows. 

(00301 That is to say. it is thought protMble that If the rate at 
which the gas 10 is diffused Is intermittenfly kicreased, the flow 
patterns of the currents in the vicinity of the flat membrane are 
radically attered. and soiling substances on the membrane 
sudtee are removed at this point, so that the membrane surface 
Is kept dean. 

(0031] n ts possible to change the pattern of the rate of flow of 
the gas in various ways, but experin)!ental resuHs indicate that a 
method wherein mis is increased in short time-period cycles is 
more effective tfian one wherein the rate of flow of the gas Is 
kiaeased over long intervals of time. 

p)032] in other words, for example. It is more effective to have 
cycles with increased flow for 6 minutes in 1 hour than to have 
increased flow for 30 minutes once every 5 hours. Moreover, the 
size of the gap 6 between a flat membrane module 3 




and an adjaceot module is an important faaor. if this is too wide, 
soiling of the membrane wia progress, and if this is too narrow, 
this is readily ohstruded by foreign matter. Experimemai results 
show that 10-30 mm is optimal. 

(0033) Funhermore, the disposition of the dtffusion device 9 
Istc] is also quite an important factor, most preferably, a difluser 
memt>er 9. comprising a diffusing pipe or plate, is installed in 
each gap 6 to the side of the fiat membrane module, as shown in 
FIG. 2. 

(0034] By virtue of this method, it Is possible to radically disturb 
the water currents creeled by the rising bubbles at the sutface of 
each membrane of the flat membrane modules 3 In a reliable 
manner, so as to effectively prevent membrane soiltfig. In terms 
of the type of flat-membrane separation membiane used in the 
present invention, various types oi UF membranes (which is to 
say ultrarmratlon membranes) and MF me m branes (wMeh Is to 
say microfiitration membranes) can be used: these may be 
selected in accordance with the type of reaction and the type of 
suspension. 

(0035] For example, if this Is appfied to wastewater treatment 
or water ^^pply treatment a microfiltiation membrane with a pore 
size o! approximately 0.01-1 iim can l»e used, and If hlgh^evel 
treatment Is to be perfonned. UF menrtfiranes %vilh a molecular 
weight cutoff of approximatefy lOOO-IOOjm can be used. 

(0036] The device of the present invention is suftabfe for 
separation of microbiological suspensibna. but it is also suitable 
for separating formed flock when coagulation agents, such as 
alumfaium sulfate, are added to river water. 

ExpertmenUt Examplee 

The performance of the present invention was proved 
experimentally using the present invention as a device tbr 
activated sludge processing of sewage. 

(0037] A water tank having a width of 30 cm, a tongth of 40 cm. 
and a height of 70 cm was filled with a slurry of Ml^S 3500 
mgrtiter acthrated sludge {wvater level 50 cm) and two of the 
following flet membrane modules were Immersed In the 
perpendicular direction. 

[O03q net membrane module specifications: 

sire: 15 x 15 cm^ MF membrane 

membrane pore size: 0.5 um 

spacer plastic porous body with a pore size of ISO |tm (plale) 

rite of diftjsion: amounb of air Mown from the dffftiser plbe a^ 
Increased and decreased in the Iblowmg cycles. 

(0039) Cydes were repeated as follows: 

100 «ers e^mtfnute for 30 minutes 

thereafter. 300 Mem of ali/minufe for 3 minutes 

thereafter, reduced to 100 fliers of airAninute for 30 minutM. 

I0040J Operations were continued for six months under these 
conditions, and the membrane permeate flux was as shown by 
line a in FIG. 3. During this experfmenlal period, the membrane 
was never washed with chemicals. 

[004 1] Furthennons. line b in the figure Micales results fbr a 
case where the rate at wMch the air was dilhised was fixed at 
100 RtersMiinute. M Is ctoar that Iniennittently increasiftg and 
decreasing the amount of air was eftective in maintaining high 
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(0042) Furthermore, as the membrane used as the filter body 
in the preserit invention was flat, absolutely no dogging or 
adherents of suspeiuted solids within the honow-fit»er membrane 
bundle module was observed, and this was maintenanoe-firee. 
(0043J 

(Effects of the Invention] (i) There was no adhesion of 
suspended sofids. contaminants, or fiber components on the 
memlKane surtiBce: such was the case with the hollow-fiber 
membrane method, etiowing for maintenance-free operation. 

(0044| (2) R «vas possible to maihtain the membrane permeate 
flux at a stably high value over a long period of time. (3) The fiat 
membrane is simply attached to a spacer and Immersed in a 
tank, 80 that the device and the mamifMure thereof are simple, 
and the manufeduring costs ttiereof are low. 

10045] (4) Meanwtille. even In cases where unexpected trouble 
resulls in soiling of the membrane and a drop in permeation flux, 
the flat membrane module can simply be puUed out and easily 
cleaned witn a Mgh-pressura water spray. VUth the tioUow-fiber 
membrane method, cleaning was not possMe without undoing 
the hollow fibers one by one. which could not be dorte except ty 
humans and was eKtreinely labor-intensive. 

BKMQ (5) As me membrane surface is planar, each of the 
membrane faces can rafiably recehre the disturt»nces in flow 
caused by the bubbles. With hoOow-fiber membranes, it would 
not be possible to provide the disturbance unifonmly to the 
surfaces of the hoUow^iber msmtvanes one by one 
(0047] Consequently, soiling Is extremely unltely to occur. 
(Brief Oescriptien of the Orawtngs] 
(FtG. 1] This figure serves to describe an example of a 
membrane separation dMoe of the present Invention. 

(FIQ. 2| This b a perspedhre view Oustrafing one example of a 
filler body used In the present invention. 

(FIG. il lti% is a graph showing the resulls of an experimemal 
example using the device of Itie present Invention. 

(FtG. 4] This is a figure for the purpose of describing one 
exaflH»le of e conventional membrane separation device. 
(Exjptanatlon of the Reference Ntimefaie] • • 
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